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Abstract Use of various plant materials for the biosynthesis of nanoparticles is considered a green
technology, as it does not involve any harmful chemicals. The present study reports that silver
nanoparticles (Ag NPs) were synthesized from a silver nitrate solution by commercially available plant
powders, such as Solanum tricobatum, Syzygium cumini, Centella asiatica and Citrus sinensis. Ag NPs were
characterized byUV–vis spectrophotometer, X-RayDiffractometer (XRD), Atomic ForceMicroscopy (AFM)
and fourier transform infrared (FTIR) spectroscopy. The formation and stability of the reduced silver
nanoparticles in the colloidal solution were monitored by UV–vis spectrophotometer analysis. The mean
particle diameter of silver nanoparticles was calculated from the XRD pattern, according to the line width
of the plane, and the refraction peak, using Scherrer’s equation. AFM showed the irregular shapes of Ag
NPs, and the formation of silver nanoparticles was found to be 53, 41, 52 and 42 nm, corresponding to
Syzygium cumini, Citrus sinensis, Solanum tricobatum and Centella asiatica, respectively. FTIR spectroscopy
confirmed the presence of protein as the stabilizing agent surrounding theAgNPs. Antimicrobial activity of
the silver bio-nanoparticles was performed by a well diffusion method. The highest antimicrobial activity
of AgNPs synthesized by C. sinensis and C. asiaticawas found against Pseudomonas aeruginosa (16mm). The
Ag NPs synthesized in this process were found to have efficient antimicrobial activity against pathogenic
bacteria.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Nanotechnology is a rapidly growing science of producing
and utilizing nano-sized particles. A number of approaches are
available for the synthesis of silver nanoparticles, such as ther-
mal decomposition [1], electrochemical [2],microwave assisted
process [3] and green chemistry [4]. Many of the nanoparticle
synthesis or production methods of nanoparticles involve the
use of hazardous chemicals, low material conversions and high
energy requirements. So, a growing need to develop an envi-
ronmentally friendly process for nanoparticle synthesis with-
out using toxic chemicals is gaining importance. Biosynthetic
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have emerged as a simple and viable alternative to chemical
synthetic procedures and physical methods.
Several microorganisms, such as bacteria, fungi and yeasts,
have come up as nanofactories, synthesizing metal nanopar-
ticles of Ag and Au. However, the use of plants for the fab-
rication of nanoparticles has drawn attention, because of its
rapid, economical, eco-friendly protocol, and it provides a sin-
gle step technique for the biosynthesis process [5]. Biological
approaches using microorganisms and plants or plant extracts
for metal nanoparticle synthesis have been suggested as valu-
able alternatives to chemical methods. An important branch of
biosynthesis of nanoparticles is the application of plant extract
to the biosynthesis reaction. Synthesis of quasi spherical silver
nanoparticles used a purified apiin compound, extracted from
henna leaf at ambient conditions [6]. Using green tea, C. sinensis
extracts, as a reducing and stabilizing agent, gold nanoparticles
and silver nanostructures were produced in aqueous solution
at ambient conditions [7]. Plant extracts from live alfalfa, the
broths of lemongrass, geranium leaves and others have served
as green reactants in Ag NP synthesis. The reaction of aqueous
evier B.V. Open access under CC BY-NC-ND license.
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mental geranium plant, Pelargonium graveolens, gave Ag NPs af-
ter 24 h [8]. Silver nanoparticles ranging from 55 to 80 nm in
size, and triangular or spherical gold nanoparticles, were fab-
ricated using the novel sundried biomass of Cinnamomum can-
phora leaf [5]. A simple procedure applying Aloe vera leaf extract
has been used for the synthesis of gold nanotriangle and spher-
ical silver nanoparticles. Aloe vera extract showed more spher-
ical silver nanoparticles with increasing the amount of added
extract [9]. Silver nanoparticles were successfully synthesized
using the latex of Jatropha curcas. The plant, J. curcas, is commer-
cially important, as bio-diesel is extracted from its seeds on an
industrial scale. Crude latex was obtained by cutting the green
stems of J. curcas plants [10].
In another research work, biosynthesis of silver nanoparti-
cles was also conducted using Cycasleaf extract [11]. Cycas is
rich in flavonoids, broadly belonging to the class of phenolic
compounds. The Cycas extract solution was treated with 20 mL
of 0.25 M AgNO3 solution and warmed in a steam bath for 20
min until the color of the solution changed to brown. Particle
size ranged from 2–6 nm and the average particle size came out
to be 3.29± 0.22 nm. The present work has focused on the de-
velopment of the easy synthesis of silver nanoparticles by an
environmentally friendly procedure. S. tricobatum, S. cumini, C.
asiatica and C. sinensis plant powders were used for the silver
nanoparticles synthesis, and evaluation of their antibacterial ac-
tivity against various human pathogenic bacteria such as S. au-
reus, P. aeruginosa, E. coli and K. pneumoniae, was undertaken.
2. Materials and methods
2.1. Selection of plant material
Four different commercially available plant powders were
selected for the synthesis of silver nanoparticles. The leaf
powder from S. tricobatum, S. cumini, C. asiatica and peel powder
from C. sinensis were purchased from Khadhar Vasthalaya in
Vellore, Tamil Nadu, India.
2.2. Phytochemical screening
2.2.1. Preparation of the plant extracts
The aqueous, ethanolic extract of each plant powder was
prepared by soaking 3 g of the material in 80% ethanol at room
temperature. After 3 h, themaceratewas filtered onWhatmann
filter paper no. 1, and the alcoholic extracts dried at 40 °C for 1
week. The dried material was maintained in the dark in a cool,
dry place [12].
2.2.2. Test for alkaloids
About 0.5 g of extract were dissolved in 5 ml of 1% HCL and
kept in a boiling water bath. 1 ml of filtrate was treated with
drops of Meyer’s reagent. Turbidity or the precipitate observed
was taken as an indicator for the presence of alkaloids [13].
2.2.3. Test for tannins
About 0.5 ml of each sample were mixed with 10 ml boiling
water and filtered. A few ml of 6% FeCl3 were added to the
filtrate, and the appearance of a deep green colour confirmed
the presence of tannins [13].
2.2.4. Test for flavanoids
About 0.2 ml of the extract were dissolved in CH3OH and
heated, and a chip of Mg metal added to the mixture, followedby the addition of a few drops of HCL. The appearance of a
reddish orange colour indicated the presence of flavanoids [13].
2.2.5. Test for steroids
About 0.5 ml of the extract were dissolved in 3 ml of CHCl3,
and filtered. To the filtrate concentrate, H2SO4 was added,
which formed a lower layer. A reddish brown colour was taken
as positive for the presence of a steroid ring [13].
2.3. Biosynthesis of silver nanoparticles
The silver nitrate, A.R., used in this study was obtained from
Himedia Laboratories Pvt. Ltd., Mumbai, India. 1.5 g of the pow-
ders from S. tricobatum, S. cumini, C. asiatica and C. sinensiswere
boiled in 100 ml of de-ionized water. 2.5 ml of ammonium so-
lution were added to 5 ml of 1 mM AgNO3 solution, followed
by the addition of 10 ml plant extract, and the final volumewas
adjusted to 50ml with de-ionized water. The Erlenmeyer flasks
were incubated at 37 °C under agitation (200 rpm) for 24–48 h.
The solution turned from yellowish to bright yellow and to dark
brown [7].
2.4. Characterization of silver nanoparticles
To determine the time point of maximum production of
silver nanoparticles, the absorption spectra of the samples
were taken 340 to 540 nm using a UV–vis spectrophotometer
(HITACHI, Model U-2800 spectrophotometer). The deionized
water was used as the blank. The mean particle diameter of
silver nanoparticles was calculated from the XRD pattern. Pow-
der XRD patterns were recorded using a powder X-ray diffrac-
tometer (Model- D8 Advance, made in BRUKER Germany). The
samples were air-dried and allowed to characterize by atomic
force microscopy (Model-Nanosurf easyscan 2 AFM, made in
Switzerland) for its detailed morphology and size. The AFM
image was taken with silicon cantilevers with force constant
0.02–0.77 N/m, tip height 10–15 nm, contact mode. The super-
natant fromAgNPswas freeze-dried, and the dried powderwas
diluted with potassium bromide in the ratio of 1:100. The spec-
trum was recorded in FTIR in the range of 4000–500 cm−1 at a
resolution of 4 cm−1.
2.5. Antimicrobial activity by well diffusion method
The silver nanoparticles synthesized from commercial plant
powders, such as Solanum tricobatum, Syzygium cumini, Centella
asiatica and Citrus sinensis, were tested for their antimicrobial
activity against pathogenic organisms, like Staphylococcus
aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae and
Escherichia coli, by the well diffusion method. The pure cultures
of the organism were sub cultured on Muller–Hinton broth at
35 °C on a rotary shaker at 200 rpm. Each strain was swabbed
uniformly on the individual plates using sterile cotton swabs.
Wells of size 6 mm were made on Muller–Hinton agar plates
using gel puncture. Using a micropipette, 50 µl, 75 µl and
100 µl of the nanoparticle solution samples were poured into
wells on all plates. After incubation at 35 °C for 18 h, the
different levels of zone of inhibition were measured.
3. Results and discussion
The commercially available plant powders obtained were
subjected to phytochemical screening using conventional
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C. asiatica.Figure 2: UV- vis spectra of silver nanoparticles synthesized by commercial plant powders.methods to test for the alkaloids, tannins, flavonoids and
steroids were found to be present (Table 1).
Silver nanoparticleswith their unique chemical and physical
properties are proving to be an alternative for the development
of newantibacterial agents. Silver nanoparticles have also found
diverse applications in the form of wound dressings, coatings
for medical devices and silver nanoparticle impregnated textile
fabrics, etc. [14]. A detailed study on the biosynthesis of silver
nanoparticles by S. tricobatum, S. cumini, C. asiatica and C. sinen-
siswere used to carry this out, and reported in this work.Silver ions were reduced to silver nanoparticles when added
to S. tricobatum, S. cumini, C. asiatica and C. sinensis plant pow-
ders. It was observed that the colour of the solution turned
from yellowish to bright yellow and to dark brown after 1,
24 and 48 h of the reaction, which indicated the formation
of silver nanoparticles. The formation and stability of silver
nanoparticles in aqueous solution are confirmed using UV–vis
spectrophotometer analysis. Similar findings in the colloidal
solution colour change from yellowish to bright yellow and,
finally, to dark brown, after 1, 24 and 48 h of the reaction
1052 P. Logeswari et al. / Scientia Iranica, Transactions F: Nanotechnology 20 (2013) 1049–1054Figure 3: X-ray diffraction pattern of silver nanoparticles synthesized from commercial plant powders.Figure 4: AFM images of silver nanoparticles synthesized by commercial plant powders: (a) S. cumini; (b) C. sinensis; (c) S. tricobatum; and (d) C. asiatica.(Figure 1), were documented, indicating the formation of silver
nanoparticles, due to excitation of surface plasmon vibrations
in silver nanoparticles [15,16].The synthesized silver nanoparticles in the colloidal solution
were monitored by UV–vis spectrophotometer analysis. Fig-
ure 2 shows that the absorption spectra of silver nanoparticles
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powders.
S.No Phytochemicals Solanum
tricobatum
Syzygium
cumini
Centella
asiatica
Citrus
sinensis
1 Alkaloids + − − +
2 Tannins + − + +
3 Flavonoids − + − +
4 Streoids + − + +
+, positive;−, negative.
formed in the reactionmedia has an absorbance peak at 420nm.
The increased absorbance at various time intervals (1, 24 and 48
h) and the peak at 420 nm correspond to the surface plasmon
resonance of silver nanoparticles. It is reported earlier that ab-
sorbance at around 430 nm for silver is a characteristic of these
noble metal particles [7].
Further studies using XRD were carried out to confirm the
crystalline nature of the particles, and the XRD pattern showed
the number of Bragg’s reflections that may be indexed on the
basis of the face centered cubic structure of silver. In order
to verify the results of UV-vis spectral analysis, the sample of
silver ions exposed to S. tricobatum, S. cumini, C. asiatica and C.
sinensiswere examined by XRD. Figure 3 shows the XRDpattern
for silver nanoparticles synthesized using commercial plant
powders. The mean particle diameter of silver nanoparticles
was calculated from the XRD pattern, according to the line
width of the plane, refraction peak, using the following Scherrer
equation:
D = Kλ
β1/2 cos θ
.
The equation uses the reference peak width at angle θ , where λ
is the X-ray wavelength (1.5418 Å), β1/2 is the width of the XRD
peak at half height and K is a shape factor. The silver nanopar-
ticles synthesized were calculated by the particle size ranges of
the silver at 48 nm, 34 nm, 43 nm and 33 nm, corresponding to
S. cumini, C. sinensis, S. tricobatum and C. asiatica, respectively.
Figure 4 shows the topographical image of irregular silver
nanoparticles synthesized by S. cumini, C. sinensis, S. tricobatum
and C. asiatica. The particle size of the silver nanoparticles syn-
thesized by commercial plant powder was found to be 53 nm,
41 nm, 52 nm and 42 nm, corresponding to S. cumini, C. sinen-
sis, S. tricobatum and C. asiatica, respectively. Figure 5 shows the
FTIR spectrumofAgNPs. The FTIR showed thepresence of bands
at 1620 cm−1, 1633 cm−1, 1641 cm−1 and 1637 cm−1, corre-
sponding to S. cumini, C. sinensis, S. tricobatum and C. asiatica,
respectively. Synthesized Ag NPs are identified as amide I and
arise due to a carbonyl stretch in the amide linkages of the pro-
teins. The FTIR results thus indicate that the secondary structure
of the proteins is not affected as a consequence of reaction with
the Ag+ ions or bindingwith the silver nanoparticles. This result
suggests that the biological molecules could possibly perform a
function for the formation and stabilization of AgNP in an aque-
ous medium. It is well known that proteins can bind to Ag NP
through free amine groups in the proteins [17], and, therefore,
stabilization of the Ag NP by surface-bound proteins is a possi-
bility.
Antimicrobial activity of silver nanoparticles synthesized by
commercial plant powders was investigated against various
pathogenic organisms, such as S. aureus, P. aeruginosa, E. coli and
K. pneumoniae, using thewell diffusionmethod. The diameter of
inhibition zones (mm) around each well with silver nanoparti-
cle solutions is represented in Table 2. The highest antimicro-
bial activity of silver nanoparticles synthesized by C. sinensisFigure 5: FTIR spectrum of silver nanoparticles synthesized by commercial
plant powders: (a) S. cumini; (b) C. sinensis; (c) S. tricobatum; and (d) C. asiatica.
and C. asiatica commercial plant powders was found against P.
aeruginosa (16 mm). The lesser antimicrobial activity of silver
nanoparticles synthesized by both C. sinensis and C. asiaticawas
found against S. aureus (8 mm) and E. coli (8 mm), and the S. tri-
cobatum against K. pneumoniae (8 mm). S. cumini and C. asiatica
did not show a zone of inhibition against K. pneumoniae.
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Plant Powders Zone of inhibition (mm) against pathogenic bacteria
S. aureus P. aeruginosa E. coli K. pneumoniae
50 µl 75 µl 100 µl 50 µl 75 µl 100 µl 50 µl 75 µl 100 µl 50 µl 75 µl 100 µl
S. cumini – 10 15 11 13 15 – 9 12 – – –
C. sinensis – 8 12 11 13 16 8 10 12 – 9 11
S. tricobatum – 11 14 9 12 14 9 11 13 – 8 11
C. asiatica 8 12 15 12 14 16 8 0 12 – – –4. Conclusion
We have reported the synthesis of silver nanoparticles by S.
tricobatum, S. cumini, C. asiatica and C. sinensis extracts, which
provide simple and efficient ways for the synthesis of nanoma-
terials. Silver nanoparticles prepared in this process are quite
fast and of low cost. The characterization of Ag+ ions exposed to
these plant extracts by UV-vis and XRD techniques confirm the
reduction of silver ions to silver nanoparticles. The AFM image
suggests that the particles are irregular shaped. The FTIR study
suggests that the protein might play an important role in the
stabilization of silver nanoparticles. Biological synthesized sil-
ver nanoparticles could be of immense use in the medical field
for their efficient antimicrobial function.
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